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T-cadherin is a unique member of the cadherin
superfamily that shares the ectodomain organization
with classical cadherins, but lacks both transmem-
brane and cytoplasmic regions and is instead
anchored to the plasma membrane through a glyco-
syl-phosphatidylinositol (GPI) moiety. The function
of T-cadherin has not been revealed yet. The special
structure of T-cadherin might endow this molecule
with speci®c intracellular targeting properties and
functions that are distinct from classical cadherins.
T-cadherin was originally cloned from chicken
embryo brain and then was also found in mouse and
human nervous and cardiovascular systems; how-
ever, T-cadherin in the keratinocytes and skin tissue
is still an unknown area that remains to be explored.
To test whether the unusual truncated T-cadherin is
expressed in keratinocytes, we performed the reverse
transcriptase-polymerase chain reaction of T-cad-
herin, as well as several classical cadherins (E-, P-,
and N-cadherin), on the mouse keratinocyte cell line
Pam212, ®broblast NIH3T3, and melanoma cell B16.
The result indicated that mouse keratinocytes
expressed the mRNA of truncated T-cadherin apart
from classical cadherins, E-, and P-cadherin. To
con®rm the expression of T-cadherin in mouse kera-
tinocytes, immunocytochemistry staining was carried
out on Pam212 cells by using rabbit anti-T-cadherin
antibody and rat antimouse E- and P-cadherin anti-
body. The result of immuno¯uorescence staining
proved that T-cadherin was expressed in mouse ker-
atinocytes. In order to analyze the distribution pat-
terns of T-cadherin and classical cadherins on the
keratinocytes, 3D scanning was performed by using
a confocal microscope. From the Z-sections and
XZ-sections, it was clearly demonstrated that T-cad-
herin was distributed diffusely on the whole cell sur-
face, while E- and P-cadherin were concentrated on
the cell±cell contacts. To examine the expression and
the localization of T-cadherin on skin tissue, the fro-
zen sections of the mouse back skin were immuno-
histochemically labeled by using anti-T-cadherin
antibody. It was found that T-cadherin was inten-
sively expressed only on the basal cell layer of the
mouse skin. Apart from mouse keratinocytes and
mouse skin, we further examined the expression of
T-cadherin in human keratinocytes and human skin
by western blot, immunocytochemistry, and immu-
nohistochemistry staining. The same results were
achieved with human samples. In this study, we
found and veri®ed that T-cadherin was expressed on
the mouse and human keratinocytes and speci®cally
localized on the basal cell layer of skin. The nature
of T-cadherin function and its mechanism of local-
ization at the basal cell layer of skin are important
issues to be addressed concerning this unique mem-
ber of the cadherin family and its physiologic and
pathologic roles in the skin. Key words: basal cell/ epi-
dermis/ keratinocyte/ T-cadherin. J Invest Dermatol
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adherins comprise a superfamily of calcium-depen-
dent adhesion molecules that play an important role
in speci®c cell±cell adhesion and other biologic
processes, such as cell recognition, cell signaling, cell
communication, cell growth, and morphogenesis.
Their expression appears to be tightly regulated during develop-
ment and each tissue or cell type shows a characteristic pattern of
cadherin molecules. Most cadherin proteins contain multiple
homologous extracellular cadherin repeats, a transmembrane
region, and a cytoplasmic region. The cytoplasmic domains play
a crucial role in cytoskeleton interaction and full adhesive
properties of the cadherin molecules (Nagafuchi and Takeichi,
1988; Stappert and Kemler, 1994; Yap et al, 1998). T-cadherin is a
unique member of the cadherin superfamily, it is truncated and
lacks both transmembrane and cytoplasmic regions but is instead
linked to the plasma membrane via a glycosyl-phosphatidylinositol
(GPI) anchor (Angst et al, 2001). T-cadherin was originally cloned
from chicken embryo brain (Ranscht and Dours-Zimmermann,
1991), where it is expressed in a spatiotemporally restricted pattern.
In the nervous system, T-cadherin demarcates speci®c neuron
populations and axon pathways (Fredette and Ranscht, 1994), and
plays as a negative guidance cue for neurons (Fredette et al, 1996).
In vitro, T-cadherin was shown as a negative growth regulator of
epidermal growth factor in T-cadherin transfected neuroblastoma
cells (Takeuchi et al, 2000); however, the T-cadherin in the
Manuscript received October 17, 2002; revised January 18, 2002;
accepted for publication February 15, 2002.
Reprint requests to: Dr. Norihisa Matsuyoshi, Department of
Dermatology, Graduate School of Medicine, Kyoto University, 54
Kawahara-cho, Shogo-in, Sakyo-ku, Kyoto 606±8317, Japan. Email:
nori@kuhp.kyoto-u.ac.jp
0022-202X/02/$15.00 ´ Copyright # 2002 by The Society for Investigative Dermatology, Inc.
1080
keratinocytes and skin is still an unknown area that remains to be
explored.
Skin is a typical keratinized multilayered epithelium, where basal
cells are covered by layers of gradually differentiating cells (Fusenig
et al, 1994). Within the epidermis, proliferation takes place in the
basal layer of keratinocytes that are attached to an underlying
basement membrane. Cells that leave the basal layer undergo
terminal differentiation as they move towards the surface. It has
been known that classical cadherins, E- and P-cadherin, are the
major components of the intercellular adherence junctions of the
epidermis (Nose and Takeichi, 1986), and are involved in
morphogenesis and maintaining the structure of the skin (Hirai et
al, 1989). To investigate whether the unusual truncated cadherin
(T-cadherin) is expressed in keratinocytes and skin, we performed
reverse transcriptase-polymerase chain reaction (RT-PCR) of T-
cadherin as well as several classical cadherins (E-, P-, and N-
cadherin) on different cell lines (mouse keratinocyte cell line
Pam212, ®broblast cell line NIH3T3, and melanoma cell line B16).
The immunocytochemistry, immunohistochemistry stainings, and
western blot were used to directly verify the expression of T-
cadherin in the mouse and human keratinocytes and skin tissue.
MATERIALS AND METHODS
Cell culture and antibodies Mouse keratinocyte cell line (Pam212),
®broblast cell line (NIH3T3), melanoma cell line (B16), and human
keratinocyte cell line (DJM-1) were routinely cultured in Dulbecco's
modi®ed Eagle's medium with 10% fetal bovine serum. For
immunocytochemistry staining, cells were grown on Laboratory-Tek II
chamber slides (Nalgen Nunc International, Naperville, IL). Primary
antibodies used in this study include two kinds of rabbit anti-T-cadherin
antibody (for immunostaining: Takeuchi et al, 2000; for western blotting:
Santa Cruz Biotechnology, Santa Cruz, CA), rat antimouse E-cadherin
monoclonal antibody ECCD-2 (Shirayoshi et al, 1986), and rat
antimouse P-cadherin monoclonal antibody PCD-1 (Nose and Takeichi,
1986). Cy3-conjugated goat antirabbit IgG (CHEMICON International,
Temecula, CA), Cy3-conjugated goat antirat IgG (CHEMICON
International), FITC-conjugated goat antirat IgG (DAKO, Glostrup,
Denmark), and Oregon green-conjugated goat antirabbit IgG (Molecular
Probes, Eugene, OR) were used as secondary antibodies.
RT-PCR Total RNA was isolated from Pam212, NIH3T3, and B16
cell lines using ISOGEN (Nippon Gene, Tokyo, Japan). Prior to cDNA
synthesis, RNA was digested with RNase-free DNase I, treated with
phenol chloroform, and precipitated with ethanol followed by washing
two times with 70% ethanol before dissolving in sterile distilled water.
cDNA was synthesized by reverse transcription from RNase-free DNase
I treated RNA using Superscript II (Life Technologies, Gaithersburg,
MD).
PCR primers Mouse T-cadherin: 5¢-ggcttcggacaaggaccttc; 5¢-gctatgg-
caacttgggagtc
Mouse E-cadherin: 5¢-ctgctgccaccagatgatgatacccgggac; 5¢-ccactcgttcaga-
taatcgtagtcctggtc;
Mouse P-cadherin: 5¢-gtgctgtcctggcactgctgacccttctac; 5¢-gagctcagggag-
gcggcatcagagccgctg;
Mouse N-cadherin: 5¢-gtggaggagaagaagaccag; 5¢-cagcaagcacggtgctagtg;
Control b-actin: 5¢-gccaaccgcgagaagatgac; 5¢-gaaggtagtttcgtggatgc
Denaturation was performed at 94°C for 1 min, annealing at 60°C for
1 min, and polymerization at 72°C for 1 min; 30 cycles were carried
out. After PCR, the reaction products were separated by 2% agarose gel
electrophoresis.
Immunocytochemistry staining The cells cultured on chamber
slides were ®xed with 4% paraformaldehyde for 10 min at 4°C, followed
by blocking with 5% skim milk for 20 min at room temperature. The
chamber slides were incubated with primary antibody for 60 min at
room temperature. After being washed with 0.01 M pH 7.4 phosphate-
buffered saline (PBS) three times, cells were incubated with Oregon
green-conjugated antirabbit or FITC-conjugated antirat secondary
antibody diluted with 5% skim milk in PBS for 60 min, then stained the
nuclei using 10 mg propidium iodine per ml. The slides were washed
with PBS three times again, and then mounted with glycerol containing
paraphenylenediamine to prevent bleaching. For double staining of T-
cadherin and E or P-cadherin, Oregon green-conjugated goat antirabbit
IgG and Cy3-conjugated goat antirat IgG secondary antibodies were
used. The slides were viewed on Zeiss laser scanning confocal
microscope. Z-sections and XZ-sections were obtained from 3D
scanning by using LSM510 software.
Immunohistochemistry Mouse skin was taken from the back of
freshly sacri®ced 6 d BALB/C mouse. Normal human skin was collected
from plastic surgery. The skin tissue was mounted in OCT compound
and stored at ±80°C. Six micrometer thick cryosections were cut and
air-dried. The slides were washed with PBS prior to the addition of
antibodies. The procedures of immunostaining on tissue sections are the
same as the steps described above on the cells. The immunostained
section slides were examined on a Zeiss laser scanning confocal
microscope.
Western blot Con¯uent human keratinocyte DJM-1 cells in 10 cm
dishes were lyzed with SDS Laemmli sample buffer (BIO-RAD)
containing 5% b-mercaptoethanol, and boiled for 10 min. Samples were
separated by SDS-PAGE using 5%±20% polyacrylamide gels, followed by
transfer to nitrocellulose membrane sheet. The membranes were blocked
with 5% skim milk in 0.01 PBS, pH 7.4. After incubation with
polyclonal rabbit antihuman T-cadherin antibody (Santa Cruz
Biotechnology) or monoclonal mouse antihuman E-cadherin the
membrane was washed with PBS for 10 min, three times, and then
incubated with HRP-conjugated second antibody. Signals were detected
by using the ECL system (Amersham Pharmacia Biotech,
Buckinghamshire, UK).
RESULTS AND DISCUSSION
Keratinocytes expressed T-cadherin mRNA To test
whether T-cadherin is expressed in keratinocytes, at ®rst we
checked the T-cadherin mRNA expression in cultured
keratinocytes by performing the RT-PCR of T-cadherin as well
as several classical cadherins, E-, P-, and N-cadherin, in
keratinocytes, ®broblasts, and melanoma cell lines. All signals
were adjusted according to the expression of b-actin (Fig 1). T-
cadherin mRNA was strongly expressed on keratinocyte cell line
Pam212, but not expressed on ®broblasts (NIH3T3) or melanoma
(B16) cell lines. In our experiment, E- and P-cadherin were also
Figure 1. Keratinocytes expressed mRNA of T-cadherin. RNA
extracted from Pam212 cells, NIH3T3 cells, and B16 cells was reverse-
transcribed to cDNA using superscriptII and oligo-dT primer. cDNA
was ampli®ed by PCR using speci®c primers for each kind of cadherin
molecule and b-actin. Pam212 cells expressed T-cadherin besides E- and
P-cadherin, whereas NIH3T3 and B16 cells expressed N-cadherin.
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Figure 2. Differential distribution pattern of T-cadherin and the classical cadherins, E- and P-cadherin, in mouse keratinocytes. Pam212
cells were immunoreacted with the rabbit anti-T-cadherin antibody (a, d ), rat antimouse E-cadherin, ECCD2 (b, e), and rat antimouse P-cadherin,
PCD-1 (c, f ). Rabbit anti-T-cadherin antibody was detected by Oregon green-conjugated goat antirabbit IgG; ECCD2 and PCD1 were detected by
FITC-conjugated rabbit antirat IgG. Cell nuclei were stained with propidium iodine. Parts (a)±( f ) are single stainings of T- (a, d ), E- (b, e), and P-
cadherin (c, f ). Parts (g)±(i) are double stainings of T-cadherin and E-cadherin: (g) T-cadherin; (h) E-cadherin; (i ) overlay of T- and E-cadherin. Part (j)
is a Z-section of 3D scanning on a single cell immunostained with T-cadherin. Parts (k)±(m) are XZ-sections of 3D scanning on a cluster of cells
immunostained with (k) T-, (l) E-, and (m) P-cadherin. T-cadherin (a, d, g, j, k) was diffusely distributed on the cell surface, whereas E-cadherin (b, e,
h, l ) and P-cadherin (c, f, m) were concentrated on the cell±cell border. Scale bar: 20 mm.
Figure 3. T-cadherin is expressed on the
basal cell layer of mouse skin. (a) The frozen
section of mouse back skin was immunostained
with rabbit anti-T-cadherin antibody, and then
incubated with Cy3-conjugated antirabbit IgG
secondary antibody. Only the basal cell layer was
immunostained with T-cadherin. Part (b) is the
high magni®cation of (a). Arrows show the apical
and lateral sides of basal cells; arrowheads show the
basal side of the basal cells. T-cadherin was
expressed on both cell±cell contact regions and
the basal side of basal cells. In double
immuno¯uorescence staining (c±h), anti-T-
cadherin antibody immunolabeling (d, g) was
detected by Oregon green-conjugated goat
antirabbit IgG secondary antibody (green),
ECCD2 (c), or PCD-1. ( f ) monoclonal antibody
immunolabeling was detected by Cy3-conjugated
goat antirat IgG secondary antibody (red). The
yellow color show the colocalized regions (e, h).
Scale bar: (a, b) 20 mm, (c±h) 40 mm.
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expressed on the Pam212 cell line as expected, whereas N-cadherin
mRNA was expressed on NIH3T3 and B16 cell lines.
According to the result of RT-PCR, it was ®rstly found that
keratinocytes not only express classical cadherins, E- and P-
cadherin, which are involved in cell±cell adhesion, but also express
the truncated GPI-anchored T-cadherin.
Differential distribution pattern of T-cadherin and classical
cadherins, E and P-cadherin, in mouse keratinocytes It
has been known that cultured keratinocytes express classical
cadherins E- and P-cadherin (Nicholson et al, 1991; Wheelock
and Jensen, 1992), which are concentrated on the cell±cell border
of cultured keratinocytes and play an important role in the
intercellular junction organization. To con®rm further the
expression of T-cadherin in mouse keratinocytes and compare
the distribution pattern with classical cadherins, immuno-
¯uorescence staining was carried out on Pam212 cells by using
rabbit anti-T-cadherin antibody and rat antimouse E- and P-
cadherin antibody (Fig 2). The immunocytochemistry staining
showed that mouse keratinocytes not only expressed classical
cadherins ± E- (Figs 2b, e) and P-cadherin (Figs 2c.f) ± but also
expressed T-cadherin (Figs 2a, d). From the Z-sections (Fig 2j)
and XZ-sections (Fig 2k) of 3D scanning, it was clearly
demonstrated that T-cadherin was distributed diffusely on the
whole cell surface of the cultured keratinocytes, whereas E-
(Fig 2l) and P-cadherin (Fig 2m) were localized on the cell±cell
contacts. The double immunostaining of T- and E-cadherin on
Pam212 cells (Figs 3g, h, i) also showed the different distribution
pattern of T- and E-cadherin.
In our immunocytochemistry study, it was con®rmed that T-
cadherin is expressed on the mouse keratinocytes, and the
distribution pattern is different from classical cadherins. Classical
cadherins (E- and P-cadherin) are located primarily within the
intercellular adherens junctions, which confer calcium-dependent
cell±cell adhesion, and transfer information intracellularly by
interacting with catenins and actin intracellular ®lament network.
The diffuse distribution pattern of T-cadherin on keratinocytes
may be due to its special truncated structure. In a study about
domains deleted mutants of PECAM-1 (Sun et al, 2000), it was
demonstrated that cytoplasmic domain deleted mutant PECAM-1
fails to localize at the cell±cell border, and is instead a diffuse
localization. The exact function of T-cadherin in keratinocytes
remains unknown. The lack of the transmembrane and cytoplasmic
domains in T-cadherin might endow this molecule with speci®c
intracellular targeting properties and functions that are distinct from
classical cadherins. Two sucrose density gradient analysis researches
on cardiac myocytes and vascular smooth muscle cells suggested
that T-cadherin could be located in lipid rafts, which are specialized
cell membrane domains rich in signaling molecules such as the
SRC family kinases, at the same density as caveolae (Doyle et al,
1998; Philippova et al, 1998). Thus, the presence of T-cadherin in
these domains strongly implicates it in intercellular signaling rather
than cell±cell adhesion. Our ®ndings, the diffuse distribution
pattern of T-cadherin on the cultured keratinocytes, suggest that T-
cadherin might not be a component of intercellular adherence
junctions of keratinocytes, which is unlike E- or P-cadherin.
T-cadherin is expressed on the basal cell layer of mouse
skin To examine the expression and the localization of T-
cadherin on keratinocytes in vivo, the frozen sections of the mouse
back skin were immunohistochemically labeled by using anti-T-
cadherin antibody (Fig 3). It was strikingly found that T-cadherin
(Fig 3a) was intensively expressed only on the basal cell layer of the
mouse skin. With high magni®cation, it was clearly shown that T-
cadherin was localized on both the cell±cell contact and the basal
side of the basal cells of the skin (Fig 3b); it is different from the
localization on the polarized epithelium of chick intestine, where
T-cadherin was expressed only on the apical surface of columnar
epithelial cells (Koller and Ranscht, 1996). It could be speculated
that T-cadherin may have different functions in the keratinized
multilayer cutaneous and polarized single columnar intestinal
epithelial tissues, although the exact function of T-cadherin still
remains to be elucidated. To investigate further the relationship of
the distribution of T-cadherin and the classical cadherins E- and P-
cadherin, in the epidermis of the skin, double immuno¯uorescence
staining with rabbit anti-T-cadherin and rat antimouse E-cadherin
(ECCD2) or P-cadherin (PCD1) on the mouse skin were
performed. Colocalization of T-cadherin with E-cadherin
(Figs 3c±e) and P-cadherin (Figs 3f±h) on the basal cell layer
were clearly observed, as evidenced by the yellow
immuno¯uorescence (Figs 3e, h). It was also shown that E-
cadherin was expressed on the suprabasal layers of epidermis apart
from the basal layer, which is consistent with previous studies (Nose
and Takeichi, 1986; Hirai et al, 1989).
Human keratinocytes and skin also expressed T-cadherin
Apart from mouse keratinocytes and mouse skin, we also detected
the expression of T-cadherin on human keratinocytes and human
skin by western blot, immuno-cytochemistry, and immuno-
histochemistry staining (Fig 4). The result of western blot
(Fig 4b) and immuno-cytochemistry staining (Fig 4a) on DJM-1
cells demonstrated that human keratinocytes could also express
T-cadherin, and the immunohistochemistry staining on normal
human skin (Fig 4c) showed that T-cadherin was selectively
expressed on the basal cell layer, which is the same as in the mouse
skin.
Figure 4. Human keratinocytes and skin also expressed T-
cadherin. (a) Immunostaining of T-cadherin on DJM-1 cells. DJM-1
cells were ®rstly incubated with rabbit anti-T-cadherin antibody, and
then reacted with Cy3 labeled goat antirabbit secondary antibody. Nuclei
were stained with propidium iodine. Scale bar: 2 mm. (b) Western blot of
T- and E-cadherin on DJM-1 cell lysate. The cell lysate was separated by
SDS-PAGE, and then transferred to nitrocellulose membrane. The
membrane was incubated with rabbit antihuman T-cadherin or mouse
antihuman E-cadherin antibody, and then incubated with HRP-
conjugated second antibody. Signals were detected by ECL system. Lane
1 is T-cadherin; lane 2 is E-cadherin. The molecular weight marker was
indicated at the left side. (c) Immunostaining of T-cadherin on normal
human skin. The frozen section of normal human skin was
immunostained with rabbit anti-T-cadherin antibody, and then incubated
with Cy3-conjugated antirabbit IgG secondary antibody. Only the basal
cell layer expressed T-cadherin. Scale bar: 50 mm.
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In this study we found and veri®ed that T-cadherin was
expressed on mouse and human keratinocytes and skin tissues. The
expression pattern of T-cadherin in the skin is intriguing in that it is
present only on the basal cell layer where the keratinocytes
proliferation takes place. It has been demonstrated that the
expressions of E- and P-cadherin in the epidermis were involved
in cell±cell adhesion and maintaining the epithelial structure of the
skin (Hirai et al, 1989). The investigations of T-cadherin on the
nervous and cardiovascular system suggested that T-cadherin was
involved in intercellular signaling rather than cell adhesion
(Fredette et al, 1996; Doyle et al, 1998; Philippova et al, 1998).
Highly conserved amino acids of T-cadherin between various
species indicate the fundamental biologic property of T-cadherin.
The nature of T-cadherin function and its mechanism of localiza-
tion at the basal cell layer of skin are important issues to be
addressed concerning this unique member of the cadherin family
and its physiologic and pathologic roles in the skin.
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